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invention relates to el ectronic devices used as \“\“‘“\“\
punps, and specifically hi gh vol t age charge punps I n*159139"
particular )

purrpdl\ iqh ) ] Je PUmp W -

i nput. 1lo Background of the I nvention Norrral I y, hi gh

vol tage charge punps are circuits that punp electric
chigldyektheiInventiothaci t ors for generating a positive or
negati ve out put voltage higher than the supply. Hi gh

vol tage charge punps are commonly used for providing

hTgé p‘rése'ml i‘n&gaﬁorﬁ welptwtcamlmﬁmnasdepicegnmmabs chB@¢ pumps,
(Read On such as

ement s, EP ,
(@@csner%fma"y "Bickhs xoitacs, 3B gPURRED| I reaculg yt relates to
t .
aafERiptres R TRERSS pufiph SfodCld ByE; e ajipl veRage than s
simputhes, etc. Conventi onal charge punp circuits
i nclude a nunber of serially connected charge transfer
stages and they are 20 driven by clock signals. Every

CB@Eggohha%?ﬁr% Iri/eR@BnCONPri ses a di ode (or
t I'gured as a diode) and a capacitor.

l\/UIti pl e charge punps can be further connected

:olg%lak% hlﬂhtvg)i\élH% @1@3@%% Voérteagi?mﬁ@:‘té\%g ppprﬁf ERRGHE charges

PirE E:Qﬁéd:lttﬁka’oﬁ%@héraﬂﬁg\@ pdsitiveugregative | dutigat \fobhage higher than
Iomerln% down t ower consunption of el ectroni
SRPly.

Sshay Higteveliage Hearge ayrBp PrR,FUEIGUSRA falgEoviging high
R o o RaReRRl SRahPIBEPROMPEREAA ORI Memory)

I eREmMERBEBLGh ab@EPROMe(E%dtﬁcailyrE@@abm anad d:?ragwnmabte Read

circuit that is more 30 efficient in Irge aknse
aPnluMemerypdiashioemagespower solid-state partlc es detectors and photo-

multipliers, drive analogue switches, etc. Conventional charge pump circuits

include a number of serially connected charge transfer stages and they are
driven by clock signals. Every charge transfer stage comprises a diode (or
transistor configured as a diode) and a capacitor. Multiple charge pumps can
be further connected serially so that the output voltage can be increased

more.

In recent years, there is a trend to progressively scale down the supply
voltage for lowering down the power consumption of electronic devices.
However, the programming/erasing voltage for EEPROM or other types of
ROM in memory applications largely remain unchanged due to their process
requirements. Hence, there is a need for a charge pump circuit that is more

efficient in charge transfer at lower supply voltages.
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*@00002* A charge punp circuit of the prior art is

di scl osed in On-chip high-voltage generation in MOS
integrated circuits using an inproved vol tage
multiplier technique, J. F. D ckson | EEE J.

Sol i d-State G r.cul [ .. - - .
381k bR G 1 oS BBioshP 7GR B yotace
r §6RErBNI6R in MIND S YitBBtte@ cirauied) usingi a1 Unbrovieds holtane multiplier
Frgure I. The circuit 1ncludes a nunber of stages
wiechaiquecH. 5t BikseBrEEEnS SoligrSlate CdeHib 1Y PEahking: §74-378,
a ¢ ' . \

P 2in 287 i et of QYR srb RS BPratb Herei By fefeefice. An
pexampie elusuchndicireuiVisushovep ireSigurs 1t HEhé cigbuit oridluaps a number

f the ch 1
Ot Bihas iere it s oS P e ricted 4 Gl an
?gﬁpécﬁ@‘ il éhaﬂ'gé TFé\h%fééaﬂﬁ' iSuret afin W&ﬁfé%ehfsaéowéhigplut at lower

e turns to give H or LOWNvol tage output at
t voltege Thitbe ravargevumhp giicod Whitee Msfut viepreagets dipeithigh voltage

S4Bt 5 b obrass BRE NP P! b Bl sl dyeypppresented
""BgQBA 'a%do&ﬁer'ésgé@ti\fﬁyd aRd thB§ HEaiHoPeHERIISy MHiE®means that

Negl ecting parasitic ‘capacitance and is output current
| ey, takkeetuong o giveoHtGlgeorolf OWhiveltageogtpys atralt tieest ofléis non-

becomes .20 Vout = Tot al .V L n .- I i
TRVGLRRIA0 Yol o koREE. s SRR g, wECReral” R crout o
NFigu¥e Nl calisds tenvditiget&uitput f3 insrédve atuedery stdge hetigh is often
transfer stages including the output stage which i

ntarmedyas the chgege aagw_pingrap@ort-hé\qulﬁfémsow%ra§l§ipt¢e?¢>@03?nce and
g]oh{@ﬁq%h%ﬂf load f%dbltn?‘?ﬁfjv&w Jp%d%flaggée ?ﬁfn&fﬁé‘?e%?é B&comes

I'ncreases as e nu reases.
Consequently, the total voltage output of the charge
punp Vout equals to the difference bet n _total
vifouhgel Qjﬁmg'(@@%@ﬁ)n -aH'@téjlazojqagev reslRld PRshol d drop
(N* Vitm). In another word, the total voltage output
of the charge punp is not directly proportional to
t vhichucdre alsofbesexpress@d asnpl emrent ed and t he effi ci ency
of the charge punp is therefore reduced by

Vout = N *Vin — N *Vitm (1)

Here, N is the number of charge transfer stages including the output stage
which is not a gain stage, and Vtm is the threshold voltage of a transistor
modified by the body effect. The value of Vtm increases as the number of
stages increases. Consequently, the total voltage output of the charge pump
Vout equals to the difference between total voltage gain (N*Vin) and total
voltage threshold drop (N*Vtm). In another word, the total voltage output of
the charge pump is not directly proportional to the number of stages
implemented and the efficiency of the charge pump is therefore reduced by
the existence of total voltage threshold drop, which is caused by the diode
drop at every stage. Extra stages are required due to low efficiency of the



10

15

20

25

30

t he existence of total voltage threshold drop, which
is caused by the diode drop at every stage. Extra
stages are required due to | ow efficiency of the 2
circuit and an output voltage of at |east one Vtm

an.t \Y

d‘é@gﬁ Bég é}l‘:ﬂ‘&%%r ?%l?a?% oﬁ%qglé?tcgb{e does iﬁ?rbﬁwnkthe desired
welifpugivoltage sowst! ye \devekaped| eFaftherntoro thispeimuit ddes not work
charge punp efficiency, many attenpts have been nade.
()/Yé"@blﬂW&'thlélbme“ﬁgedﬁ\@l# osed in MOS charge punp for

| ow-vol tage operation J. T. Wi and K. L. Chang | EEE

J. Solid-State Grcuits, vol. 33, pp. 592-597, Apr.
1988mgrbee thot ehdrge qiiumpl afficieney,i manypatternpts havei bec-‘my made.

f o d
Bl ol B S B e d5 75815 a0l cperton
drop éﬁa"KﬂgT tdr?ar@“iﬁe?@ Jt S@P@fsf?étesa‘fréﬁ% Sl CQBtpp 592-597,

wever, 1t suffers maj or 1 0sSs in the output stage
V\Mpret@Q&, ttlee conhmrtts mbM@eanesmaorpoasated hertein byireference. In this

bﬁ@gpgh\‘r,’é“ ’cthée Svg{xrgi?gc\)/ §c&%ﬂn'1$ @ge e\%]ﬁstg ht%afqgiﬂc% the threshold
flsmady Hid b?fadtﬂrii] hRPER A8t iteihsferNsvitoogirdueex HMW@ﬁ/et hiesuffers
circuit adds unneCessary parasitic capacitance which

18 mejprddss in e @Iumtéestpgwfeerﬁbi itee @utputholiggectsi at least one

SRR, SR LbIT 36 Hedidd YAUS (3hE, KRR, ki SRBh Pbreakaown

Shﬁhélsfcﬂéné‘l‘é ré@.ﬁiﬂéd1 WI’ﬁchlSIﬁﬁlt the ﬂ&ﬁbmmftitssappllcatlon The
problem | ong channel |ength nust be used_ which

c6ampiaxitye of t ihea clrgu@eadq;} ég]r@ngsms parasiic capacitance which

SHBhA AT HarhR ARG REA TS 00S Hinsstors

Wéa&hﬁé{?‘mm Ithlbitanabl'-hsaI&mﬂettmlawamcdaendmnémbulyeakdown
effect J. in

f 1. Y. Chung,._. Y. J. Park, and H S
Mfnsharbchgnnep jengtisiis useg: r d@ pyercpgie this, prﬁ,?rém long channel
1?&17'tt]rzr?\g§t ?%gusg@qphlcﬁh&?ntﬂ&ﬁtegnfos aofarg@# %*Feé”ﬁ'\d yporsen the
i nCor porated herern by reference. This exanple is
i lefficienoytduc toninBregasied paraditic sapacitamce. i npl enent s a
di fferent approach in that the threshold voltage
i ncrease due to body effect is controlled by active
b' ﬁJrfh@r‘é&anﬁdT@ lé)ﬁi%ﬁblds'éﬂﬁh%'nem)‘bﬁméfpurﬁb W/@imddﬂ@eqradatlon in

ar ge transfer devices are di ode- connec
t rmm@m_qgmmmmwn Shired afi 66#@9{ KeJnBgHly and H. S.

SQURCRERE b O83fiF-State Circuits, vol. 35, pp. 1227-1230, Aug. 2000, the

contents of which are incorporated herein by reference. This example is

illustrated in Figure 2. This circuit implements a different approach in that the
threshold voltage increase due to body effect is controlled by active biasing of
the body terminal. However, since the charge transfer devices are diode-
connected transistors, this circuit cannot eradicate the major source of losses
as one threshold voltage drop is lost per stage. This not only degrades the
efficiency, it also makes the circuit unsuitable for low supply voltage

application.
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as one threshold voltage drop is |ost per stage. This
not only degrades the 30 efficiency, it also nakes the
circuit unsuitable for |ow supply vol tage

application. 3 Comon probl enms encountered by circuits

that seek t.o Inproyv inal

LA oA i1 B etk thilafelCl pIoRE! g that of
ofvu & Ehdripingride’ thesictentidl dovslagihoup,i whishtodeussetien the body of
properly and causes the diffusion- to-well diode to

t inerchange srapsferaransistor irenotiased srengfivorpd causss theediffusion-
Py € s\ ' is to provide a charge pu whi ch
o@e@ggﬁﬁdg&aﬁ%tﬁg?' some of the problens of ?ﬁe pri or

art. 10 Therefore, in the first aspect, the invention
provides a charge transfer unit for generating an
ogummary ofthednventioBsponse to an input vol tage, a

first unit signal, and a second unit signal, such that

the output voltage has a greater magnitude than the

i Apubbject tafgthe gaesenthinvgation Sist tarwbeideuni tharge pump which

conprising: a first, seco and third

t PYerEPEIeS 2t Igast SQ”&%\BQ@QWPB%QF\S PE@\%PV{%F ‘nal, in

comuni cation with sources of the first and second
transistors and a gate of the third transistor, said

i Mheteforer, in the firsh@speciethe nventien ipiprides @ ¢hajee tramsier unit for

Rhetefore: it fissrspectdhe sventienini
7 PReraghd LoBhut OIBRIUBRORE o <'o0a et mi nal

caAnRphEdoltayd, e fitdtr it Bighnkl, dranal secondouripgignal, such that the
termnal, in comunication with drains of the first

anutMiMagerk@%pﬁr@g@raﬁgg_@itqqq than therinpat voltaggesaid charge
CHABERH Qo Bt Lo corneEten o e
WatffistS aGiz@nt &ind 2 eirdCMOS teapistirt @nd s aapacitdrpck
term nal connected to the second unit signal, and;
bankiepet temainghigecemmini¢ation Mtbri%oléreﬁﬁe%f? th %Bsqt fled second
df3h8istrs tAMY 5§ GaR8'f the third transistor, said input terminal connected to
the input voltage;
a signal terminal, in communication with gates of the first and second
transistors, said signal terminal connected to the first unit signal;
an output terminal, in communication with drains of the first and third
transistors and a first terminal of the capacitor, said output terminal connected
to the output voltage;
a clock terminal, in communication with second terminal of the capacitor, said
clock terminal connected to the second unit signal, and;
bulks of the three CMOS transistors connected to the drain of the second
CMOS transistor and the source of the third CMOS transistor; wherein
the CMOS transistors are configured as switches.

In the second aspect, the invention provides a charge transfer input stage for

generating an output voltage in response to at least one input voltage, a first
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CMOS transistor and the source of the third CMOS
transi stor; wherein the CMOS transistors are
configured as switches. 30 In the second aspect, the
i nvention provides a charge transfer input stage for

ggneratin t

oFTBGEr e, 3o of TethnbeBY, s gflal SHRP A3 Erbe FinerCHipul stage
Sé@ﬁ@n@hgftwb cha@%él trahefeg &inits acedwiing tepelbins tlagderein
conpri si ng arge transfer units accordin

ctrw eloak amﬂéigmah temnels&flth%ﬁeswham tragsfer HB&@V%POPH%Cted to
S t ted t he fi
s Hgg@rsg%ggrsléﬁé’:}ng&gr uni are conne_c e o t ! e first

and the clock and signal term nals of

t e Sgcﬁﬂﬂcérﬁhaﬂigfalltfalm‘iais ofnithe asecontb ohacge dransfeheunit are
second stage signa erein ut termnals of
egemnemied t %F"@W@Eeﬁ@rﬁl’vﬂé‘?m fferent or the

SHEin tp'u\f‘Pé’r?m?‘fé’l%t Wachl @nit Brd BSnﬁéBté&’ tG A6k diffdiént or the same

i nvention provides a charge transfer stage for

gapeit sokkage.an out put vol tage in response to two input
voltages, a first stage signal and a second stage
signal, said charge transfer stage conprising two

Chﬁrtﬁg iH“lQ)“Sdcs%bctJntHeS ineiofl Peovides | & chakge Mransfen stage for
the clock termnal of the first unit is connected to

t penéiatisg an QHHN'[ vlodiagaen despancetontwaiinit alfagescartist stage

 Bioeh 88 HPESahalabecBoa’ GRRF afuBB Yansth! SigkBliimprising two

tBﬁa@%sf&ﬁﬁﬁ‘t@é&c&ﬂm@h@ didifrst, wm-rbm s connected to
the input termnal of the second unit, and the signal

t trenplagk terminakofdbe Sinet Uil is coaneetad de thrififs sign@ki nput
| HREK 8 s uhRd ookl d g
geneinput tegmmale wrg cbnnettedde dlfferempanmItagean i nput

vol tage, a first ai nal, a se ai.n
amﬁ §'%laurt%’lm'f‘9| of theyfrsf Gl ppnacied fdhetfaft fifinal of the
F?&t‘d YRk g}gp has a greater rragnltude than the input
age, said charge transfer chain conprising
the signal terminal of the second unit is connected to the input terminal of the

first unit.

In the fourth aspect, the invention provides a charge transfer chain for
generating an output voltage in response to

an input voltage, a first chain signal, a second chain signal and a plurality of
clock signals, such that the output voltage has a greater magnitude than the
input voltage, said charge transfer chain comprising

a plurality of serially connected charge transfer units according to claim 1,
such that :

the input terminal of the first unit is connected to the input voltage and the
input terminal of subsequent units are connected to the output terminal of its
preceding unit;

the signal terminal of the first unit is connected to the first signal;
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a plurality of serially connected charge transfer
units according to claiml1, such that : the input
termnal of the first unit is connected to the input
voltage and the 30 input term nal of subsequent units

a[.e c ct ed to t ot t

ol SRERTSiigals of [ B Ppodthl s o ol FRHisE e are
cgaﬁ,%étggtéqqéﬁ,%tg hal: signal; 5 the clock termnals

of nbered units startlngfromtheflrst uni t

athﬁ cb@hﬁem\leala of thecevan Bumbegsthinits ptarting flem the second unit

SB RO (& SETMLYERRL o° he second sl ghal - 5. the
ctine kot teinmiakl of tHehiast asit isiobtndcted tmaendieadet gotential, such as

vol tage potential, such as ground; the signal
t @FHNEKI s of the even numbered units starting fromthe

Sﬁrgeog nHP{ ImirI§ of MLeGEA S h%&é&ﬂﬁltﬁ's@%ﬁhg fW? '?s@\éﬁnd unit

S SR &' e BERE AN
otrd I&ennédeki o gioek srgrhalagﬂsclstrmvel the $aroen phadecastthe second

105 |jtude of the f
S Pinal with RIFREF ST ot theisdodl eons) valfades PR RGArsR et least two
Shm&' th'e”Sr’n ﬁﬁidégopfﬂégﬁr%%Sdn\ﬂeéé/cdhldoagnéhearfahméaemerame HIGH

| east I mes the anplitude of first and second
siaeyehlof ﬂezev elockt signal ingesasing: priggessivelgraiongitise chairby at least

d nunb d f h d
oS DRI orPlte 3 B8P BrendT sl i Yoo
aghd B@nfeﬂ ferinisalg tAkth&odB nunibéret! (its! tRIngofrorhtBehPe funit are
signal” voltages starting fromat |east three tines the

anpnneo;tad tofc qqkes@nalgtwmntm hawe el samgnehaseaagi the first signal with

| ACPERAIRl o ot B oS meFRE 9Bt threg times the

t‘é@n |itueRs of fre fitRIngt setenafsigma; &nd Sher@ﬁﬁeﬁﬂ@ﬁlﬂbH level of the
g)als every two-stage, and the output term nal

okesignal AngreapinghRrograsSiYel s 3IoRg tbaﬁbatn PyAhiGast ?V&@ times the
tr'éznr% R O0NR L RE s Beod Sofafseverpi S affye PO

ptioy iotgrutdteornimay ©f ttlnarlaétejnlt:bfathe thain igetherautpugteaminal of the
ou}'\a#\t w\I/'moelrél?\ge in response to

the CMOS transistors are PMOS transistors.

In the fifth aspect, the invention provides a charge transfer chain for
generating an output voltage in response to

an input voltage, a first chain signal, a second chain signal and a plurality of
clock signals, such that the output voltage has a greater magnitude than the
input voltage, said charge transfer chain comprising

a plurality of serially connected charge transfer units according to claim 1,
such that :

the input terminal of the first unit is connected to the input voltage and the
input terminal of subsequent units are connected to the output terminal of its
preceding unit;
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25 an input voltage, a first chain signal, a second
chain signal and a plurality of clock signals, such
that the output voltage has a greater magnitude than
the input voltage, said charge transfer chain

e Sods v 8 B k@it B Cererted BRI °5,
tfid EIBEKteinsingisnal thef odd@uberbd Wwiits startingniieat e first unit are
the input voltage and the input term nal of

sovyentedto the first sigaakonnect ed to the output terninal
ol R 8 PRl ST Mo B

t aretiiected td the sstbhndwsigealed units starting fromthe

first unit are connected to the fi ?t signal ; the,
cthecklogk termigakoiothe; At ek mnﬁ%‘t%@ QA altage pqtential, such as
fp&m tdhe second unit 5 are connected to the second

S gnarlwl ; the clock terminal of the last unit is
cthensighabtermirealy of thegevemnentbienéd usits istarting gramartice sebend unit

T B CPRRSHEH JRICIaRK SIOTRIS Wit JevBdnESENG haseypitGe second
vm’ﬁflgﬁggwﬁ%?\a/ L@W%g@ FRRecIask SRMab 961eakbs dRriPRBm a negative

l'evel the clock signal voltages starting
f voltage nEghtriost onel tiragdhefamplitudss of theefitst madt $econd signal; and

anpl i tyde,  of first. and second signal: .and .
Bl | A7 by A5 ST R RLdAY Brogrossvely aong
deqd BRSNSy Bt RHsESwbURhYs BleBENplitUtR: 6NENgfifeY adtl devd9d signals
two tines the anplitude of the first and second

seyem two-gtagey two-stage; 15 the signal terminals of

5 SEHRTUEREIAY oY B A0 LR o8 4l o
pBasseced theldokr signals wiath wWatd theisadd/ pressel aothe first signal with
cl ock signal voltages starting from a negative voltage

3@ Y{ﬁt%ge of at

oft LW lewst of the ¢lo §i9ﬂﬁbV%{FﬁﬂeiSt$§@I'éin6fer'%@ pegativey

SRR PSS e fliGe A Ehirst 3Rd gePBSHialfand breatier the
by OW 18¢ell ofathe daek signelsdédreasingl progrssivielyt Blonii thetchain by at
a?edas? ?V(\:Ig %‘%é’s’ %%agrg’np |t\{1%reyofttl\gg_fisrétaagned sggéjnd signals every two-stage,
and
the output terminal of the last unit of the chain is the output terminal of the
chain, wherein;

the CMOS transistors are NMOS transistors.

In the sixth aspect, this invention provides a charge pump for generating an
output voltage in response to

an input voltage, a first signal, a second signal, such that the output voltage
has a greater magnitude than the input voltage; comprising

two charge transfer chains according to claim 4 or 5, wherein

the signal terminal of the first unit of the first chain is connected to the first

signal;
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the output termnal of the last unit of the chain is
the output termnal of the chain, wherein; the CMOS
transi stors are NMOS transistors. 25 In the sixth
aspect, this invention provides a charge punp for

SR Ayl 0 RS SR OBt o

tgv@;dmtg?ﬁawol tage has a greater magnitude than t he
i nput voltage; rising 30 two charge transfe

cm. 'ﬁﬁubtﬁfﬁmﬁﬂﬁ@fﬂ cflr%tuuﬂltas igrbath cRaistseare @W%ﬁt%éﬂ’ the input
t\%|{'g al of the first unit of the first chainis

connected to the first signal; 7 the signal term nal

ofhet Eleck tershinali of e ddiEnambenst ahits f itise fiestnediedtdrting from
the second signal; the input termnals of the first
umet §ST whibakencomnadied 1o thefgaheionall to t he | nput

un ts g?tesrﬂ{ul?@scdf%g vEhHUMbered u r#t'%eofocﬂg fﬁé‘t;@félﬁ%aanmng from

rst chain starting t he
athe smnmnelaimblareocdrimctedmtthelsgnahd stgml clock terminals
chain starti

Phhenrioek dStniialiot fite BaH Sy Bhelad wats BF e Sebodf Fhan Starting

Sfréfcthe firSeurit é’r‘ékcdrﬁfe'&ééﬁ{osth@fsefcﬁﬁd Qflihgpubered units
of the second chain starting 10 fromthe first unit

at’r@ doahéemaabooﬁtﬁ@ smndMegerélumtsm tbe ®sgicond chain starting
als even nunb |ts of ,t he second

c afff §t3§r°9f‘ﬂ¢‘ qﬁ’&rﬁ"{“%‘: ﬂge Itsidal connected to

tﬂh% §|gﬁ§|tteﬁrh9ﬁ41|of ehbg Lﬁ'lt%fathetfﬁétr&% sﬁi‘rtnﬁ*@@ﬂ’cbnﬁl 'ﬂhé s8fond unit
the first chain starting fromthe second unit

cieneemesnted dotthe inppliterminal ﬂfathe)mtraep@aﬂmgspuhm tie second
g@r jn the second 15 chain; the signal term nal of
Tunit of the second chain starti ng fromthe second

Uit sigaalctenmied] @d daehturat ot sdodnal ¢‘r&dln atartihg from the second
corresponding unit in the first _cha

unit is connected to the input terminal of the correspondlng unit in the first
chain;

the clock terminals of the last unit of both chains are connected to voltage
potentials, such as ground, and

the output terminals of the chains correspond to output terminals of the

charge pump.

With reference to the charge pump according to the present invention, this
demonstrates a reduced loss as compared to the prior art due to the threshold
drop in the charge pump voltage gain. The circuit according to the present
invention presented may include either a PMOS or NMOS transistor based
switch.

Further, the charge pump of the present invention does not produce an output
voltage that is higher than the desired output voltage and so does not require

high breakdown voltage transistors, which have a negative impact on the
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the clock termnals of the last unit of both chains
are connected to voltage 20 potentials, such as
ground, and the output term nals of the chains
correspond to output termnals of the charge punp.

pieduCt S Afadsses and. SudSaelisfily it R Belch flfip according
! Meﬂﬁe?ﬁﬁmﬂfléﬁidrpistétﬂe 6 :()?éré!é foveHa wibet Pehdeolvdidige input.

drop in e charge punp voltage gain. The circuit, i
aEudhen, riyet outrert shatgenpummdesignomayr 8sepasiar fayimplement in

PR3 P SRR 1 e e B e o un

| Siyedtlfey) does not produce an output voltage that is
hi gher than the desired output voltage and so does not
requi re high breakdown voltage transistors, which

hay : . _ >
R A REAERY Vi o B 8 ), FROMOR 8h4Ry con bo rplaced
abg awdi @r_g(rjndre t'rénsiﬂo;&eo?ﬁgmdms ewitbbcla:sakmbﬁntadedﬁiar atserial or
over a W der range vol t age nput . rt I {

chpralpt ABREE p%ﬁ%t%@ésiaé\ﬁ’ rgﬁy{ RS e QJ'erﬁhp?V%’fFé'htmay be
! nnpugggalr@éh MhURXNY sWRBR RIS el hﬁ?gmﬁﬂgﬁ. VAT Cfargngmhin the

di vi Into unit 5 structures. I'S under st oo
airventiom, this isddsd prefeanti@s therswitthomay sufies frosp bady effect and

by two.or re transistors confiqured a i

bt Mofer WS AR, Bompafd 1) SfiemAlyS "whfilepents of the
afffehflof Ns§cls aie thd Rdolk! Sreféirdd EmbBdimeat.i OThere may also be
i npl emented without the switching well nechani sm

Wootentiaf fatchwugp prathem ifithe well @fttherfrangister iig notjased to the
prefergjgg a}s|the switch may suffer from body effect

aRtPPE PO T9' 1 a hi gher 1 0ss as conpared to

al ternative arrangenents of the invention, such as

t he above preferred enbodi nent. There may al so be
pBriehBescription-ef the [Miedan@sn i f the wel | of the

transistor is not biased to the 15 proper potential.

Brief Description of the Drawings It will be

c tnwitirbee sonveniént tohfurthee sieschiee tie ppeserd rinventioenwitb respect to

with respect to 20 the acc anyi ng draw ngs which

| e ACAMPAPYEG: BrVAGS MNBERellStrate - pagsible arrandements of the
invention.  Other arrangements of the invention are possible, and
consequently the particularity of the accompanying drawings is not to be
understood as superseding the generality of the preceding description of the

invention.

Figure 1 is a charge pump circuit according to the prior art including its
voltage clock signal patterns;

Figure 2 is a further charge pump circuit according to the prior art;

Figure 3 is a PMOS transistor based charge pump circuit according to one
embodiment of the present invention;

Figure 4 is a graph showing voltage signals for various terminals of the charge

pump of Figure 3.
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i nvention. Oher arrangenments of the invention are
possi bl e, and consequently the particularity of the
acconmpanying drawings is not to be understood as
superseding the generality of the preceding

o Pt & DS BRap alpY Bsef 3ingie shadd farstb Lol Tt o°
VPIg‘u?élG i8 /PRI OS ARisistof basdrs chdrgsumg cirguie atusidiey to further
charge punp circuit according to the prior art; Figure

3embodinramfithe psesardinyemdien. char ge punp ci Fcui t

a ( f 0 ,
PR 0%, & Braif of 1% BBH Y eBRbiRJAGeDASRE Slonals supplied for
f the otarge peiniecintuitbiFigird 8 charge punp of Figure 3.

9 Figure 5 is a PMOS transistor based si ngl e char

¢ Fighge & iscA:araph RrgYidindsa icompavises 9fr pH vltage gbdhe present
AUHAR rding to further enbodi nent

opﬁ%%g preseArﬁrfthrtl?]%\P”r??%gﬁ Figure 7 is a graph of the
nBiguoe € lisappgraphv pravidjeg cdrmtkers cgmpkdsen mil owguf soltage of the

the ch 8%u cirgcuit of F| ure 6. Figure 8 is a
gP'éerﬂ?”gF Gl ﬁ?@“ ErF?r%ﬁ f output voltage of the
present charge punp with the prior art. Figure 9 is a
graph providing anot her conpar i son of output voltage
Detdiled D : gterrad ems prior art. 10

Det ai | ed Descri ptl on of Pr eferred Enbodi nents The

el ectronic circuit diagramof the present exanple for

aTRBagIBEtrONBPCirEUNP URras mtﬁrmtsémrﬁp@ofﬁrl gustetige pump
as switches is showmn in Figure 3. is Voltage signals

fempjwr@g FMOR ﬁranﬁlsmrgue quﬁd P swm@rrqser&nsmwg gy Eigure 3.
téégglrdr%afdrgm s cr?‘c ﬁur@@'ﬁ?:y%n%s Lfér‘n’?iﬂa% Qﬂe‘ﬂ%ﬁrcted in

rge r Ahef I'ts

SF@Jre L hadsgen td)@rr&ﬂerofajsmgwahaeeru mmm charge transfer units,
transistors. A further enbodi nent  of thedj %bg
whIGUES pIesepts 8 §ingle £hargignsfer chain base transistors.

A further embodiment of the invention whereby the circuit uses NMOS

transistors configured as switches, is shown in Figure 6 with the voltage clock
signals as presented in Figure 7. All CMOS transistors employed according
to the present invention (e.g., M1i, M2i, M3i, M4i, M5i & M6i), whether they

are PMOS or NMOS transistors, are configured as switches.

The charge pump circuit according to Figure 3 comprises charge transfer
chains, chain_A and chain_B, enclosed by two separate dash-lines
respectively. A plural number of charge transfer units (unitaa, unites, ...,
unita,..., unit,a) are serially connected to form a charge transfer chain
chain_A. Similarly, a plurality of charge transfer units (unitag, unityg, ..., unit,
.., unityg) form the corresponding charge transfer chain chain_B. This charge
pump comprises a plurality of charge transfer stages labelled as stage_a,
stage_b, ..., stage_i, ..., stage_n with each stage also encircled by dash-
lines. Any arbitrary charge transfer stage (e.g., stage_i), except the input

10
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transi stors configured as switches, is shown in Figure
6 with the voltage clock 20 signhals as presented in
Figure 7. All CMOS transistors errpl oyed according to
the present invention (e.g., M.i MBI, M,

. Mi, NMbi
VB th th PMOS

" Siabb HR5R 8 cblisnB Lo, MMzt othifER (A RRP! RS unf & unite,
aé@ﬁé@bdiﬁjuﬁg) tbl aégpféoﬁvé%ﬁurgéeﬁaﬁéfar %heﬁrﬁs?lnﬁﬁ&h A2%. chain_B,
chains, chain A and chain B, encl osed t wo seFarate

damssmu@&d esMditangeMAi arepicalied fwahﬁwﬂtctaes fathgir respective
ﬁ%}@fﬁ)e{r%rﬁgegzw tg1 Mﬁ%n&ﬂ#%e ter ed é@béﬁ&\d 'switches of their

connect ed tO orma C

t Feupetive ehaige trsﬂiwfeﬂ uAits; N Bi drat MBi aee péferretila;sythu'ﬁ switches of
charge transfer units S%Q[nl taB,_unit

their igspectije ¢hargetian rtrm@pcﬁm.ql@'ltx rﬁaedﬁftﬂa&ﬁsﬁ*fi@ terminal of

“hai . Thi
U HheRenr L o 88 SR BRIoERAORETR side tominal i
Steroedeas dedimfsy dil accompartydrgefigures. ., stage_n with

each stage also encircled by dash- |ines. Any

arbltrary charge transfer stage (e.g., stage i),

S| mﬁ)darégﬁ s i fi)%t%tt%@ gea)a edcABf trfee?:hé?ﬁé transfer units

arge transfer u unitaA & unitaB
c(umta,sﬁommitanyhas)threertexmmab mthmrg@retmanepletr(\bml)ausmallclock (Pa

h A &.ch d
UG ol P SR Bl B ., et
t ééﬁ‘l%ﬁagroflﬁMUS triRsistnd MR, M2&, 4R GBI GBMSAC OMé of the voltage

sw t ches of heir 5 respectlve charaﬂe transfer unlts
VBlockneignals @nelsmrmeoé@d e thai eutputviof dmits (Whitaa)} Haough pump

|r g% égﬁ\cﬁsqc%@d %Eﬁotn#qa{m cggd H)nfhé\%gf ?)f &'éll%;%ri&’ M2taheln unitgg, Vin

t @ GBAnéSted Ol eBuRiRd bh&14d, gl5ahamd §at1390f€Nllﬁanéﬂhel sther non-
termed as drain for all acconpanyi n% gures. i

Fpgarﬂ%omng yoltage qlmlggalafae Iy seBRRCEY o dae r@uaquttqfémlt (unitas)

t
¢ SR8 ARG, Glnddibl Tac iy i BolRbtRl) oy bRldRof Mda and
o0M33B) Irﬁotheownds t(nlélgaies XPy) 14 &rMﬂaaalre .cross- umuplarAto the clock
NEnal Bagae. oM Srch@saray e‘“w“@osmﬁ@&%%%ér@ﬁ{bls apples to the
t
BSLIVR S BE e o o P el i e .
t iy igghewndh Rigdread.and M2a. In unitaB, Vin is

connected to sources of Mia, Mba, and gate of Ma. The
ot her non- overl appi ng voltage clock signal OB is

CQUaRt 8%bry Ointéienddibeuchafge  Rtdnsfatnuh@BYor an example, unitia of
chain_A, there are three PMOS transistors (M1i, M2i & M3i) configured as
switches and a capacitor (C1i). The input (Pi-1) of this charge transfer unit
(unitia) is given to the sources of M1i and M2i, which is also its preceding
unit's output terminal (Pi-1). The output (Pi) of this charge transfer unit (unita)
is given by the drains of M1i and M3i. The clock terminal for this charge
transfer unit is given by one of the terminals of the capacitor. For the sake of
regularity, the input and output stages of a charge pump follow the same

convention in the terminal labelling. In addition, the source of M1i is
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t hrough punp capacitor C2a and al so connected to the
gates of Mda and Mba. In other words, the gates of
Mla & Mila are cross-coupled to the clock 20 signals OA
& DB. Signals OA & OB may be interchanged and this

PBBigETod o P el PG AL BN cbREaRPETA, s M st
Fingtlbh@esa”meWélh(lﬁb@l&lr s wdlleniyedr r&%zgraiﬂ@fMQAlt& ?ﬁﬁlﬁ'ﬁ of M3i are
chal n ere are

unit, for an exa uni t aA of

t eERNEGtAgHED wnér&%ré qapEcitonBili i sannectshtq guined tergninal Pi.
{

;S5 LRRATER, TRBSPET| 547} oo B (& il e koo be

sformeelsbp fICNDS &adsistirs. WHerd) the widdo of tranpistarediiBg & M3i are

cPrgaol BRElasnSt e naticr k)t PETgRALR thy Wik & ald]dha mi

ofra%l$to?§%f|\43bha|:aéetr5hé¥6k uhﬁr(ﬁhfﬂﬁ‘|orfl9’flt.gph'h§ CHéaﬂﬁaes%e It is

transfer unit 1Is Iven yoneo m nal s ]
caﬁsacpctsslble Fuat theemdﬁk@f MR2i or Mg mayi bey astsmaall a@@% aﬁthe width
a_char

R g e atResarEbunfs HiETelolS AHiFueothe fupgtion of
ﬁMrf‘geaﬁ’foth Vohagé, Wﬁlﬁhei@ttﬁfé ‘VDDt ﬁl%l{g@ﬁfrférpfts M%iut vﬁ!h' the help

ree Pl\/DStranS|stors( i, sit in
saﬁwomqr clockbeignal eitherePh ari QPB, rfh‘émdalad rithamlltUde of clock

SSURER, B) 45 rHE oMRRBEE, Loonrt M b oo i
The capacitors (e.g., i & C2i) in the charge
transfer units can aI so be 5 formed

{ TR <haras Sianséaraini (i) diam dhe OPRRSTeRRecliEe chargs transfer
a[:ﬁ?lnpcf r'?rI? a5 é]mtk ou?%%ﬁfeh Jfg*?ﬂlétléﬁ i an example, all three

era ransistors
ctrangstdrs Wlat EWI5|u&|M6|§ gitiin the eaamerwelt Fabetiey éma\mahezo whlle the

sane. al bl e t t wi dt

vapUTras o bt MR e Hken fogetherctodpar mouigkPia. The Srains of M4
t &aIOIN %Fé’?}nk% @ﬁéﬂﬁ) bhastith@t XPMNwhile tAS rc%fp%%ﬁor C2i connects
achi eve t unction of 10 glving an output voltage,
wihiectrains ofi MAVBDMEGi o eanottierrclocls sionpliteithier 194 be el Breferably,

* g S RF i Bl Eneisfols n i Tiaglor Sl R nay be

V{EPI% sdme oy W & fﬁéﬁftﬁé wigith of Maiy !s &d higbe ke small as 5% of
posite/res |vec harge transfer 15 chain chain_B

widt of M éraé\étﬂioreonflguratlon For an exanple, all
three transistors (Mdi, Mbi & Mi) sit in the sane
well (labelled as well _2i) while the

Between two respective interchangeable charge transfer units (e.g., unitia &
unitig) from respective charge transfer chains, such as chain_A and chain_B,
the gates of M1i & M2i from chain_A are connected to sources of M4i & M5i.
On the other hand, the gates of M4i & M5i are connected to the sources of
M1i and M2i. In another word, the corresponding charge transfer units (unitia
& unitg) from respective chains are cross-coupled to form a charge transfer
stage (stage_i). Therefore, the gates of the charge transfer devices, e.g., M1i
& M2i, in one chain, e.g., chain_A, are biased by the output node of a

preceding stage in another chain, e.g., chain_B, and vice versa. For an
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sources of M4i & Mbi are |linked together to the input
XPi-1. The drains of MAi & Moi are linked together to
an out put XPi while the capacitor C2i connects the
drains of MAi & Mei to another clock signal, either QA

Ogtopler HHE6R b vtk I EnsthCAle AivE P P/?'pgtm g the firs

tmggmhgm B0 larger than the width of Mdi's, and may
be as small as 5% of the width of Mdi transistor.
Bet ween two respective interchangeabl e charge transfer

B Stplh stel® Hae (6 e 3 LerSPER P ERANTAS chain B,
t Whichiaise thedfdriihsi oMV, If/IBnmI\M}ala’mdAWrg isotdaEotsd tto a load

sour ces of M4i & Mbi . t he ot her hand, the gates of
VeRPaEItORiClar d akiehabtned f!':%“ 51 smﬂfegér%rsfemhama?ﬁparately by

'ng)nn%d?m@n é&l’?%{\%’f t Aﬁé‘%r&&’r‘id ‘?/%’%ngéﬁ‘é}:ltb?asr@%rately is another

transter-units from respect
cpassislearmangensantc nm\phkeb two dharge punipaouiputsraneshade agailable.
stage (stage_ i). Therefore, the gates of the charge
transfer devices, e.g., ML i & Mi, in one chain,

eDlrin ‘Hﬁ@'réh‘o‘h off4 %hgfg@@%éﬁr ke a@éBrEH'Ig ﬂ@)old@uﬂéf 3% 4, when the

prece stage in another chain, e.g., charn_B, and
vfu@é Gké@Satramtoaﬂ\/llla |smanti1eeseadmd @MlQaS transistar (MRi) is always

B8 - c nEfeh A8 33iuke ot e, L Jn8 s oM deamsistor are
FeSnHettad throhgh aké Bébor‘iﬂ M@Sﬁran‘é@oﬁé@tﬁbﬁuo reéveYdd Bias exists

is the drains of Mln Min and Mbn, i s connected

t betweaedather apumet and @DdYTkaﬁhﬁgﬂr@UtCﬁ\dOSf transistarhthisaprgyenting

{28510 yTa08 RERRSRL AR ine P LAURIEAGHIE N8Idk, e third

p@msumrmtongmans alwaysMuraéd onose treatghe @irain and potig of the
are made available. io During operation of a charge

f"@ﬁQﬂ\é@sdfﬁﬂs'%tebaqufPQ{g‘Q%e‘#?Qﬁrﬁé’eBt thedogyfspmfigating.

first CMOS transistor (MLi) is on, the second CMOS
transistor (Mi) is always turned on. Then the source
abDdrihg ypevatidhef &ichairgeCiiBp aecwrdsigoto Bigare ok athexh P, is at

ol G 0P 1 BEHIEEh WT 231128 can diiBieh b MaRds fuired off and
VU 4 cpbit b ARG EAEAE Sy aegGRe umeo
t offr M6adsbBnedomsaed the bwiki of M4a is eanrected teitsairaino Then, the
t Hgée H]Ielsdcrh%rae (9 \}?ﬁ) EW tl% ir%phu% voltage. On the next clock phase, ®a
is at HIGH and ®g is at LOW, M1a and M2a are turned off, M3a is turned on
and the bulk of M1a is connected to its drain. M4a and Mb5a are turned on,
M6a is turned off and the bulk of M4a is connected to its source. Then, the
voltage at node P1 is elevated from Vin to 2+ Vin, and node XP1 is charged to
Vin by the input voltage (if the amplitude of clocks ®5 and ®g are the same as
Vin) as M4a is turned on now. Since XP1 drives the gate of M1b, M1b is
turned on and the charge from node P1 is transferred to node P2 which brings
the voltage at node P2 to 2+Vin. On the next clock phase, when ®, is at

LOW and &g is at HIGH again, the voltage at node P2 is elevated to 3* Vin.
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first CMOS transistor are connected to prevent the
body fromfloating. During operation of a charge punp
according to Figure 3 & 4, when QA is at 20 LOWand
OB is at HGH, Mla and M2a are turned on, M3a is

5B SR g Yohil Ty SORTSG e oes an

t etidrgés are évdntubﬁy bulltkupht HecoLtpuiceiuati stdgeo its
drain. Then, the "node Pl is charged to \/n by the

I nput voltage On the next cl ock phase, is at H GH

eeaEhg Ghargdit ?ﬁ@farqﬁ%%att}%;ﬁré'“égﬁf“Er@tri’é'ét’id;“i may be
dNaiViin, MhareN |Mlaeaﬂﬂntbenufedtagres inMbidings thesoatpltosthge. The
and the bul k of Mda is confnecte to it@qﬁeource

Thep,
CREses are dye 1athARIeSeICe & RATBYHE SAPRERARGR At BaCyOURlt nodes
?‘?ﬁd tn‘ﬁ lﬁE{Jt bar EHF‘ dﬂa‘?{?néco C%ﬁd@ﬁcfp% ddRigse¥ Ok difal output

|tu are the sane as
WollagesV dflamiag tteuapmdxmated\by tse fallowimg edquatiens t he
gate of MLb, Mlb is 30 turned on and the charge from

node Pl is transferred to node P2 which brings the

voltage at n to 2 *Vin. the next cl ock phase,
Wy ON  Bindd gain, the (2)
vol tage at naqde, P2 Cs,.6l até’(;iu,,,td)(% n. 13 1 This

char ge transfer nmechani sm repeats in the subsequent
stages and charges are eventually built up at the

ou ut of each sta ecti tLan o

LB Coroed? e AR b RoBEb D BeCh 3k fma T et parast
Vba adiice dtléa%htétgg@urrtpqqé t9é ositpd9Gad Bairuel, aadtfegands for the
out put stage. The | o0sses are due to the presence of

pfreguendycokthpanitagaciock sigarln RapdiPsnodes and the
out put current | oading. Considering these |osses, the
final output voltage Vout may be approxi mated by the

f CFb' Rduee thedat loeses, 1hews tire thibex pdissible Graysp Frr’stlxb,athe clock
Cpn'p+CparaXCp + Cpara vvhere%c
ptrﬁguee@aénasaﬁeem&fe@@h §e§@edlyq§%¢ £apacitance of &fpump may be
Io i
cg%%ér%ogg%?@%ﬁ%{‘% s@tcf 851? %ﬁ'\@?%pa{a(’iﬂglgnﬁrc‘ahﬁ Thirdly, the
S|ze/wrdth of transistors may be optimised to trade-off the transistor’s parasitic

capacitance and the on-resistance of the transistor.

The non-overlapping LOW clock signals in Figure 4 are used to drive Cpymp in
the charge pump circuit. It is preferred that the duration of voltage signal
HIGH is longer than LOW for the PMOS transistor based design. Besides,
the duration of HIGH voltage signal preceding LOW is preferred to be almost
equal to the duration following LOW signal. In another word as shown in
Figure 4, the non-overlapping portions of clock signals ®a and ®g, indicated
as T1 and T2, are ideally preferred to have the same time duration (T1=T2)
although they may not be of the same duration over every cycle in practical
situations. The rise time and the fall time of the two non-overlapping clocks

are also preferred to be the same although this is not necessary to be strictly
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frequency of the voltage clock signals (VA and OB. 15
To reduce these | osses, there are three possible ways.
Firstly, the clock frequency nmay be increased.
Secondly, the capacitance of Cpunp may be increased

to,make .t h Sht i cif.a insiani £ i

BB haBRA S bfaffREF' IORSRGHAE TR ABhahg HiH
oflbEKTsRAAIS 9e LE8dhwithistwitt cause $ossiesrin the apasdtionc whith lowers
capaci tance and the on-resistance of the transistor.

Tthe eharge pemmBeiiciecyow cl ock signals in Figure 4 are

used to drive Cpunp in the charge punp circuit. It is
preferred that the duration of voltage signal HGHis

| Eimggv, tlhieachdu?é/ pumptdezoRiing torthaspresent exarapledesirignwell to a
Besi des, 25t durati on of H vol t ' .

pPleRlY VAkRITR? i?%w BNy negshald AR W@g&&ﬁj trangisfgr- Inan
dﬁ'é@F s@atic], 1A% H@Ng%bgm%it of the2BEHHIPIvoltagE fof the circuit to
shown 1n Figure 4, the non-overl appi ng” portions of

coperiates iviglnl Haweard tos, valtageclimiéds practivalyngetTpy theeprocess
i deal | referred to he sane tinme duration
(gff@kggéwga\fqtﬁ% “B%M? Rot be of the same duration

over every cycle in practical 30 situations. The rise

time and the fall time of the two non-overlappin
cDodikg operatiai, achoeteutmade: @1hbe. . t O-$ap Tal- t-h 1 and Vout)

this is.f SLLIGLE: i .
Pl b e RGET T2 abfrR 1S fdtort, LORhRR ol rocures
Cmﬂﬁ gggﬁlsgaﬁt fige Hinké (inr:] eoety §tiatﬁFlm @pbiatlm;ﬁ:i,ln mrte ekriri]mple, the
0osses I n e operatli on

cHischargsumayehe irgplemsntes q@«, WNg @ Nﬁﬂég@%ﬁ%ﬁgﬁed as a
a [ t . | .

6HAE) T8l Q508 SRR TN nEBALS Bl VB e tme can be
MeGhtrdlldd Iy ekiekal.circaitgn i deal situation, there is no

upper limt of the supply voltage for the circuit to
operate well. However, the voltage limt is

pragt i | . . i
PHEShERR Y 3ol cblfcds-Efige NP KOl g0k, o -
( Bharge. transf@n-chain X1 shown in Kgord SandHareutd singhy dhain of the

di scharged to the.ground if the. a i-cation. of char .

oGipraRcaanseg untin it masted PROBRACES baRGisks” T first input

SUAf of siRge chiirPRas tHe S4ife Rvafigldtion 8 the input unit of either one
of the cross-coupled chains. Since there is no second chain to provide the

gate biases of the main charge transfer switches M1b, ..., M1n, additional
circuits to drive these gates are necessary. These circuits could be in the

form of high voltage clock generators as shown in Figure 5.

In Figure 5, every stage of this charge transfer chain, except the first stage,
has its own high voltage clock generator to bias the gates of the transistors
M1b, ..., M1n. Each of the high voltage clock generators takes as its input the
clock signal that is driving the pump capacitor of that stage, and produces an
output clock signal that is in phase with this input clock signal. The output
clock signal of each clock generator has a HIGH level that is at least the same
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di scharge may be inplenmented by using a NMOS
transistor configured as a 15 switch. The di scharge
cycle may not be needed if the Vout rise tine can be
controlled by external circuitry. A plurality of

55 15 RGP ERES GEfe UAtE: SLARIGE B ol T réhmestifils As the
HediagefatidiiseP $hal, Prifl buil@s 29 dibey Gt thainsfher Hl(B’lHtlevel of the
is i npl enmented using PMOS transistors. The first inp

uoutpubfclaCIS| sighal cfaithe heespestves Meck senayaost shaulds thus be

t he |n ut .unit ither one of the cross-coupled
chZ9heS snéeflylggc?lﬁgq is no second chain to provide the

gate biases of the main charge transfer switches ML b,
ML n, additional circuits to drive these

ahechasge treasigr chaissas shewniin §igusa) Sistise gbleto p tegtsﬁﬁ yeltage
I é @hg t}ﬁoz%b?e%?erchgéhltlg&;é‘giﬁ{ ﬁél Elp%ﬁ SlopYer rFlg%:dr@lﬁ §g&in which

ever charge trans
cizathe, ceysseaqriupldre dbubm chaiagdesigmaslni sisagev\b theylgate of M1b is

! Sevedt By 58 nadioRE1 - whiah fsclislan brweas in dind SFVinydepending
Cbﬁ‘fﬁ? QIR FHAAES. t@t‘f@éné%f hes phﬁfb‘%add&ﬂorg@m' i9@6nnected to the

srgnal that Is driving the punp capacitor of that
stlagk signadl Ppr oduces an  output clock signal that is in
phase with this input clock signal. The output clock
signal of each clock generator has a H GH | evel that

Fq Btddrd8stnd Qiﬁg@&ﬁarﬁ% t?énéf@recﬂrélﬁéhbwﬁin P’QUFAJSIS to function as

tage at node Pn-1 respectively
vdbsiseh as ancexample, the highPvoltagsueiogk depesaten@f tsﬁ@e b should

chai th HI f

chics A5 UL PLR o, AUhpthad Al Ho8ebshna s -
PHIGHeieFEVEH at 16astad aVied . Tire AOVHdegst of tl'ass:fqutcdkmmd)a@v can be
shown in Fi ?ure 5is also able to present a v ltgil/qn

oMbt UGG ealang e amBudRinat least Al

Consi der Figure 3 again which is the cross-coupled

doubl e chain design. In stage b, the gate of Mlb is

dln ﬂﬁlebﬂ)oﬂhﬂemwm Figure 15, stagiel batorsprisetsiefeld 1% M2b, M3b,

2. * Vin dependi o on the clock phases. e end
i e By i) ea%gefitogfcfélcwnegt%tc%le%glgﬁ‘aﬁﬁae@%%‘&the gate
SeRAb, BT '\/Blt%fj@' %focf(‘slfenbt’ﬁo? IsY@gBiréd ahaststihpisisonnected to
chain sho gure function as
clock ®g. The output clock ®gny of this high voltage clock generator has a
HIGH level of at least 2+ Vin, and is in phase with clock ®g. The LOW level of
the output clock ®gry can be Vin or GND, as long as the amplitude is at least
equal to Vin. The high voltage clock generator design can be in the form of a
conventional level shifter circuit, or any other circuit that performs the intended
function. Similarly, as the chain is progressively built with charge transfer
units in serial connections, the driving voltage for the gates of those CMOS
transistors (e.g., M1c, M1d, ..., M1n) require high voltage clocks with a HIGH

level of at least 1 *Vin more per stage, with alternating clock phases.
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desired, as an exanple, the high voltage clock
generator of stage_b should 15 produce an output clock
| BHV which is in phase with clock OB, and has a H GH
| evel of at least 2 * Vin. The LQNIeveI of this

CRRve Y Ao st oy ey ClgH e By MM drfistors.

eﬁbw@vafenthesmwk lsigrf%ils]tffcﬂn5th65tkﬁ@e \kbltagepblcmks geherators are
MLb, M2b, Mb, 20 and Clb, with one end of

cRGRIYEdRMIsRS Withck LQVyrlavelc%amﬁs frema n?ﬁ@t'\g%ve't%ﬂe of at most
n t

e DRI Bl S et s
PQIﬁe chaim thy ehle‘asi oretimel tbelalmditedabf)ﬂDArami @s. H GH

Ieve of at least 2 * Vin, and is in phase with clock

OB. The LOWIlevel of the output clock OBHV can be Vin

0 S I €,hS t

7B (ARG SRIHED FHIE2 B s shcnkgs pBogia of te

i imvehtor usmgdﬂlvms treamsisidrsovith tHeeolotk signalse Pack Reuas shown in

¢ Eighied g, h@l ‘%ﬁf%}tgn%\'ga%? o%nﬁeﬁ,pge%frggr@Sgpvr‘;?n-overlappmg

b GH, "‘I*Hé”ln?ﬁ]?(/@l Odé Fr‘ﬂﬁfseémbétﬂ'l'rﬁ@t'nﬁ'a)ﬁﬁé icdhnected to the ground.
connecti ons, rivin or the gates of

volta
t}ﬁbse GEDVOJSmmerﬁnsls@Bo ?3( eN@/IOgl\/mfansmtqrs in, coptrgst with the

S 0hoh RBlFSRMLENT S0 Rt STl nerated i
ctm§ brrmbaﬁﬁént id8aly hidyniive ualagatioe Gl @tﬂtetgeamﬁ(f\hﬂ )* Vin.

chain may al so use only NMOS transistors. However,
the clock signals fromthe high voltage cl ock

g e at.j.ye t 1 eV, i
SRARSRRERD, B 1o B htorbiae " o rgable Rltage cutn i
t BRpgBed tagdelleks:! A and OB, and thereafter decreasing
progressively 5 along the chain by at |east one tine

the anplitude of (VA and B. As anot her exanple, Figure

6 shows an alternati odi ment _of the invention

ush m/(fi i_St Orgr W t rpswvvlt I ignals OA & 1B 3
a?ogﬁ r! uce, +Clhel c S5, 68),5)JOA & OB are ©)
preferred to be hon-overl dapping io H GH The input

voltage in this enbodi nent may be connected to the

ground. s e di ment uses on ranS|sto

L SunaE, IMAHGT e e ABBVAEABPIG RarnSORORER SEhgls g And @:,
P n e aYOUHe RN preveR@d b hbleSthe same duratlon
|I§|(“E)a$tdét[:"rrgn?é Sltdaézg%dy??raf gi vg gw%egatlve hi gh vol tage of
(KF33T4). VFar tHessamestiedsonraf having $45€8, theneonfigymatiorief T3=T4
Ofmatlkees tﬂ €?\talre;/ée p\ﬁ%g %%?e %%usl{ agalnst the shift in the wafer fabrication

process parameters.

The comparison of voltage output efficiency for various charge pumps is
depicted in Figure 8 and 9. In Figure 8, the output voltages of various charge
pumps are given, where the input supply voltage and the amplitude of ®a &
g are 2.2V, the number of stages of each type of charge pump is 10 and the
process distribution falls in the typical corner. Here, the curve 200 represents
the performance of Dickson charge pump, curve 201 represents the
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expressed as follows: Vout = (N -1) x Vin x C punp
"load _ Cpunp + Cpara X Cpuntp + Cpnra (3) 20

Simlarly, in Figure 7, the non-overl appi ng portions
of clock signals OA and OB, indicated as T3 and T4,

I O N T R ——
Coevhrandre en tied cﬁégﬁ”f Tqu%&céﬂdﬂwgﬂr@rtﬁe grespntrimvention.  The

robust against the t in the water fabrication, . . 0
peharge pysap aseomiing totherpreseBhipaentiohas apgputagkwhich is 242%

ou I Ci f V &y | e S i

b3 <hoye wBlEe' & an BiUSLR, CAGR" pBHERT, Elbure o, shows the
y@cbrhpgﬂ§oro}‘of e :OMputCWig@ehofpeauf tyee of ic]tnerge puepefarhdifferent
i nput supply voltage and,the anplitude of. re
ongmbef |oé Sidesrvaees w%fsmwﬁw o3 9@_95@5 o gingnd the
i hew Sl i a |

L GrotBef Mot liBRiof 3 B (el ot Aererielive 200 febresents the
ppeffomnamcecobbDicRsok sbargehpume, purve, 2&urepregents the performance

represents, the 17 performance Shin et .al's char

SR RCR S\ Aaa BB e Grecaitve 2PREePRsens e ke iee of the
CEﬁ‘érg% é’&‘b‘?&iﬂb% the praseRt RSERtion.NVIRRE batput TBRage of the
char ge pu according to the present invention has an .
ochange mumpradcerdingde thé presentinyantiondiasage ostput voltage which
Di ¢ n charge Fi gure..9 sho compari son

ofs m&%g%%gu(%%?/gagg%gyg%%kspynp%%&ég?Hgf}pge punp for
different nunber of stages, where the input supply
voltage is kept at 1.8V and the process distribution
falls in the typical corner. Here, curve 200

represents the performance of Dickson charge punp,
curve 201 represents the performance
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of Shin et al's charge punp, and curve 202 represents
the performance of the io charge punp according to the
present invention. The output voltage of the charge
punp according to the present invention has an out put
Eﬁ%ﬁgge which 1is 230% of the output voltage of a

i n charge punp. 18 Clains 1. A charge transfer
unit for generating an output voltage in response to

an input voltage, a first unit signal, and a second

uhi t sAgharge yaoafer vait for generatingan ouspytualiaggdn gesponse to
gr eat er. nRQn t tha. L | SO

r anst 2 TR Voo, A30st i SiBRH 2184 38Cond B g Sfeh that

third BdSutbubwsitatjeonss anpeates apsgriitude;than the input voltage; said
termnal, in communication with sources of the first
and selayae transien Wibeamaneing: gate of the third

transi 3pl, 238clnd BAd's HHLTEMRS trARsISRPE 8RH S lodadiioP
i nput voltage; a Signal termnal, 1 n comunication

wi th ganeimpaf tehminki,r st caminsmicatioh witharssiustes ©f B first and
signal ternjpal connected to t fir unit signal : .
out put S?‘Qr{a ﬁgpg,lsﬁoﬁs @Bﬂrﬁﬁ?t@a‘?fiqgﬁ tbﬁ”ﬁraaﬁﬁﬁ(ﬂs S%'P |PHgf3Perm|nal
first goghddibd %o tHe mpat Séifige;and a first termnal of

the capacitor, said output termnal is connected to

t he ouamignaldetraige), in convmknication wvdth gatesceitherfirshandsecond

ith d, t i.nal of.th ' Ie; .
Ver m nEAnESireta Slar? o SARREKR o R st Uiftonat
bul ks gf digut EremdPMASchmaicathswitle rgipsesk the firseand third
drain of the second transi stor and the source of

t he t hiragsistaps andaasfirst derminab ofuie capagiter, @aiss output terminal

transi stors .ar onfi .switches. 2. A charge

t r ansf &M %ﬁfl%%?réeggu&g’g S(gléar;i'ier’ati ng an out put voltage

in  reapersk tornsihal, emstcopmaunication vaithagecord fterminal of the

stage signal and a second 25 sta i gpal ; said charge _

t r ansf 6APRGI{R: SAd &@f&kcfsrﬁamai Pﬁwgs‘isé éfﬁﬁ]ﬁ‘g%ecqr\da% @Bﬁa', and;

units ﬁpﬁ(grgf Rk 4Rred @M@é’ trﬁﬁﬁﬁﬁiré‘ ddrpeeteiCko @aRE drain of the

signal "termnals of the first charge transfer unit are
second CMOS transistor and the source of the third CMOS transistor,
wherein

the CMOS transistors are configured as switches.

2. A charge transfer input stage for generating an output voltage in
response to at least one input voltage, a first stage signal and a second
stage signal; said charge transfer input stage comprising two charge
transfer units according to claim 1, wherein
the clock and signal terminals of the first charge transfer unit are
connected to the first stage signal, and;
the clock and signal terminals of the second charge transfer unit are
connected to the second stage signal, wherein
the input terminals of each unit are connected to either different or the

same input voltage.
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connected to the first stage signal, and; the clock
and signal termnals of the second charge transfer
unit are 30 connected to the second stage signal,
wherein the input termnals of each unit are connected
to either different or the sane input voltage. 19 3.
A charge transfer stage for generating an out put

vgl t agg dh@lr\(?é?&ﬁﬁéﬁeﬁﬂ staye forgehspitingvart bapes voltlade rrstesponse to
stage signal and a second stage signal, said, cha

t r ansf &0 Bpaiy¥olagss. iasfirsd stags %'Bﬁ?'g%“q Aseceed ﬁiﬁg? %gnal said
accord r

Ehe t 1 virobiranife’ fad bortRIE tho tfarbe ehetet! HifdfHodBlding to
cl ock tlamiinalhedéint he second unit i's connected to the

G 11 or i lpsblarmA 05 gha frst RBLS Soanstte & i frst g
First ypi (gobkstecrﬂ{‘ﬁ‘ﬁ ?ﬁe EQccSthePhlf‘Ps%oﬁr@cEBd‘&J thefsecbfd signal;

the second unit he si termnal of the second
uni t i theciapottermihdle atmeomrmmed teedifferent inpidt valtagesy st

unit. 4. Achar e.transfer, ¢chai,n for ratln an .

out put theopigagete; Wlf}%&@g?%@fsﬁdm'tl'g c&qngﬁ{]%!ttov@@ gut tegminal of
first ghaidboHddnd, an@ second chain signal and a

plural ity of clock si ?nal S, such that the output

vol t agthehsignal tgrminatio thengeganedenit IsagPnnestechiuthe input terminal
vol t age d, charge transfer chain conprising a

pl ural P t)lf"eglhrsg'é'?'?al |y connected charge transfer units
according to claim 20 1, such that : the input

termnal of the first unlt is connected to the inp
vél t agd c&mgettna@sfamhelrt@r.gieﬁarat@g agw@@efhéﬂlfagﬁﬁntr@sponse to

are Cogﬁg‘ﬁbﬁg H§ﬁ8§§$ FLHh]a rf 5 edﬁ,anaé SdcdridS cﬂéﬁc §dhaP and a

uni t rStunit

connecprflality dfhelotk @gnas gewdh thed mbeourtbutlvottagenhm;l a greater

of the odd nurrbered units starttgl fro flrst r%

are cofpasitadet dhame the r pudi yA @g?e ‘3 arge transfer chain
comprising

a plurality of serially connected charge transfer units according to claim
1, such that :

the input terminal of the first unit is connected to the input voltage and
the input terminal of subsequent units are connected to the output
terminal of its preceding unit;

the signal terminal of the first unit is connected to the first signal;

the clock terminals of the odd numbered units starting from the first unit
are connected to the first signal;

the clock terminals of the even numbered units starting from the
second unit are connected to the second signal;

the clock terminal of the last unit is connected to a voltage potential,
such as ground;

the signal terminals of the even numbered units starting from the

second unit are connected to clock signals which have the same phase
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the clock term nals of the even nunbered units
starting fromthe second unit are connected to the
second signal; the clock termnal of the last unit is
connected to a voltage potential, 30 such as ground;

the si | t inal.s gf th ' .

crr 1 88 e 5B L, FYCE) BARDS S 5005 singl yotases
si gnal stapiHe frofPue Iddee thanEmedalse aRtblasdé lof the dipstdand second
signal wth a HGH | evel of the clock signal voltages

st ar t i signak aandathereatier they HIGH:devalofathel cloghesignak Ricreasing

fi d d_ sigpal : .
el BRURES ARt by b B hGtnckeuid {pliude of the
al ong fifkeafb@eBolY skjnalsevdryttwo-stages t he anplitude of

the 5 first and second signals ever t\/\p-siqarge; t he .
si gnal theesignakiesminals 1od tB@id’Qﬁ’uﬂW@pﬁquJHPF% stqriipg iffpyn the third
fromt ' ' r ; i

L P4 oot 9 oSCAaR8 i 1l the S base as e
H GH | firselsigrial With sIHIGH vehaf theotloalesigrsl arolteggs fstarting from

at least three tines the anplitud f the first and. )
econdab|aath iearies thRETRBIVES of HEC itk R sBFo] Signal: and
clock §iHater fiel ARSHNGVEN %f@é!o%ﬁ'éf?naﬂ' iRB@ ARy [éft?rélssively
by at 'east two tines the anplitude of the first an

secondalingnthies ceaiar by tatdeastatyey timas thee amplipude of the first and
term nal of the ,Sast uni f the chain is the output

. t
t er mi nSFCHId SigRA cﬂ’zﬁrYl,VIVQ\ﬁ‘ 98 #1415 t he cMOS

transi f{0pgtpat forikE o tABIaSHIBof the chaiMdl BR dutpusierminal of
chain for generating an output voltage in response to

an i npthe ofainayberedn;fi rst chain signal, a second chain

si gnal ,an lurality of s s, such that

t he ouf%&'@?&%é?sﬁ%é %{8 r@ggﬁa%%ngégnitude than the
i nput voltage, said charge transfer chain conprising
a plurality of serially connected charge tr

ubi ts Acchsrae ,ﬁr@nﬁ&r(ghamﬁor;g.’eng[ﬁ;iﬁgtq{hp tpui MS]?‘%;?S{HE response to
f/glr tmagghaﬁhu{ NBIGGESE Hst tetath SRIHMCheSeddhd BRainBighal and a
plurality of clock signals, such that the output voltage has a greater
magnitude than the input voltage, said charge transfer chain
comprising
a plurality of serially connected charge transfer units according to claim
1, such that :
the input terminal of the first unit is connected to the input voltage and
the input terminal of subsequent units are connected to the output
terminal of its preceding unit;
the signal terminal of the first unit is connected to the first signal;
the clock terminals of the odd numbered units starting from the first unit
are connected to the first signal,
the clock terminals of the even numbered units starting from the

second unit are connected to the second signal,
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25 the input term nal of subsequent units are
connected to the output termnal of its preceding
unit; the signal terminal of the first unit is
connected to the first signal; the clock term nals of

1 BB, L B I 3y i

t er m nalch 8§ gidimceven nunbered units starting fromthe
second unit are connected to the second si gnal

cl ock ther gianal terminals ©ohtheyayen jnuraberedcy l&stsgarimg Prom the
¥°| tagg (R)(P\tdel%ILQ € co rg’)l gekle nald\whthd e the same phase
ermn of "t hé even nunbere he

s starting fromt
secondasmhe sooendosigealt withta LOWclevel gfidhe dlock Isigral evoltages

th
| ovel DAL Tom, B AN VGBI Ba! g SR ampiiude of

negat iy #Ql :?‘ﬁleségonﬁtsl At aﬂﬂechbféﬁte? hge ATV leVEEoPthe clock

the first second signal: and thereafter the LOW
| evel sugnahdecneaslng pnogneﬁsntﬂxmewtg the ph@lgr@sgt Jeas two times

al on h h t, t t

of "t neté 75pTte & 486 At B aatBr slis RSBt YE”

the si gakigh@l fBrihals Of thEdedAumbeRay aﬁlltsll%ltémng from the third
starting fromthe third wunit are connected to clock

si gnal wnifiare sonageted e C‘é@@'gh@l@)é’wﬂ@h thaye the same; phasg as the

}Mr 221 gﬂk%ﬁ\%thv%f_p&g é&ve? %Ettl’?énglrc‘)t@k ts@# ?f%@égﬁgfaﬂlﬁt}?from a

anpl i t Hegatpfe /BRade loftatandst ﬁmamb§tr§malmplmmb of the first and
thereafter the L | evel of the cl ock sj gnal

decr easeerNhraighds Anceithergaling thre LOWNI 16VeY Qaft theeaf‘sl?Ck signal
two ti ggér\?ggﬁwq %P&)ésr{egéﬁgglyoélghgethfe' ERdin n: B)? agtel%ﬁgfj two times the

si gnal age, he "outp erm na
t he | aamplifude of thbﬁﬁstCeimi secmdtélgnaistqvety tveo-siagal, and

L1 ansi RPUPUSISENl SHPRSATIOOT BE QAo RH! terminal of

out put tﬁ/é)&ﬁ?%]gewhgrélﬁsponse to an input voltage, a
first signa a second signal, such that the output
the CMOS transistors are NMOS transistors.

6. A charge pump for generating an output voltage in response to
an input voltage, a first signal, a second signal, such that the output
voltage has a greater magnitude than the input voltage; comprising
two charge transfer chains according to claim 4 or 5, wherein
the signal terminal of the first unit of the first chain is connected to the
first signal;
the signal terminal of the first unit of the second chain is connected to
the second signal;
the input terminals of the first units in both chains are connected to the
input voltage;
the clock terminals of the odd numbered units of the first chain starting

from the first unit are connected to the first signal;
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vol tage has a greater magni tude than the input
vol tage; conprising two charge transfer chains
according to claim4 or 5, wherein 25 the signal
termnal of the first unit of the first chain is

connected.tq the, f|r [ . .
Che 11 hgciofh ferBinais B ec e b S A B b Blair Starting
the Seﬁé’rﬂC{hé'S%QHd uhit@iré @BHheéted 1o e secdnd J;ngnél r st

units in both chains are connected to the 30 inp

v?| tﬁgﬂae clnek degvinals ofithel add numbered dinitsnek thay S@ﬁpﬂ@. chain
the_f
e onnocti B RGTIRGhB P 44 sonhBEleEE the s8botiislardle

of t hethevelockushminats ohitie eventrienbenest unitsiiofi the aecond chain
fromthe second unit argélconnect ed to,th

si gnal statting emthesecand SNt ase conRedgd tﬂﬁ*ﬁ%ﬁﬁi&'%ﬁ"t s
of the& Q{Eﬁ\g GOMhiRal of %édhngpftrdfmﬂehﬁrs’t'él‘ﬁéln L%’tla?tln@f from the

connec he second si 5 the clock term nals

of t hesescen unitisecathested © ﬂm’e inpiet teeomadl of thee eorresponding unit
starting fromthe second unit are connected to the

first @ Ra&ecop €h@Nynal terninal of each unit of the

first @néF ?{;Fﬁlﬁlﬂ i &4 DRt &Qﬁ@%@céﬁd tchatn starting from the

connect ed Input termnal of the correspondin

uni t secctrhieumtatsocmrtﬂmdwto the inpet terminal of herteraespanding unit
each uni fhadsecond chain starting fromthe

second' r?’fs nected to the input ternminal of the

corr esmalda,a teRminalé Bftthe 1hbr ahitcdfaboth thains|arekconnected to
termnals of the last unit of both chains are

connecvelitageopotestialsgsugihas 8foWId anduch as ground, and

15 the Ouﬁslﬁ#ﬁhgfe“?mﬁﬁ?& tﬁ)et ﬁ&ﬁs%ﬂe@ﬁo@&”&ﬁ.ﬁﬁ%ﬁ%mnals of the

out put ﬂ'{ arge punp

transf ghagegsigmpccor di ng to claim3, wherein both
clock termnals are connected together to a voltage
potential, such as 20 ground, and both out put

torm gLy At APARGLE dtdROGEEG N td JdIP 3, wherein both clock
terminals are connected together to a voltage potential, such as
ground, and both output terminals are connected together to form a

single output terminal.

8. The charge transfer chain according to claim 4 or 5, wherein the
minimum amplitude of the clock signals is equal to at least the

amplitude of the first and second signals.
9. The charge pump according to claim 6, wherein the output terminals of
the chains are connected to form a single-ended output terminal of the

charge pump.

10. The charge transfer unit according to claim 1, wherein the first and

second unit signals are voltage clock signals.
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single output termnal. 8. The charge transfer chain
according to claim4 or 5 wherein the mninmm
anplitude of the clock signals is equal to at |east
the 25 anplitude of the first and second signals. 9.
The charge punp according to claim®6, wherein the
output termnals of the chains are connected to form

a1 pi Ngtiee AMAGEE AdnBESr LSt Acbetding té hetaint Hangeerpimthe $st and
10. The charge transfer unit according to claim1,

wher ei $eaand ynit signalsare dalegRBagRALIRI gnal s are vol tage
clock signals. 23 11. The charge transfer unit

according to claim1, wherein the first and second

umt sTie@ahargs eransferrurihaogsdivgeto blaid. 10 hwhetedn die first and
transfer unit according to clajm 10, wherein the first

and seReE Wit §'9§P§r?d%§‘°£'r%veﬁ P8Eer | appi ng. 13. The
charge transfer chain according to claim4 or 5,

wherein the clock signals have two different phases.

103.14. TRéeharge transfeachbir acduadingdoabaiti Apris wherein the clock
13, wherein the two, different phase clock signals are

non- ov%'gl‘ﬁ%ﬂ?%&t%q'ﬁ?@t@hﬁﬁﬁﬁ transfer chain

according to claim4 or 5, wherein the first 15 and
second signals are inter-changeable if the first phase

ofl41 heThé ochargegiransfes dhairerachardiegl tai elaina ht3,swherrin the two

phase qf. th | ock signal and vic . 16. The
char geg'ﬁleé‘arrﬁf Sﬁrﬁl?Ckg%'%?'aiq{ﬁ nph-@eili%hﬁ%g.mH ein the
CMOS 20 transistors are PMOS transistors. 17. The
charge transfer unit according to claiml, wherein

. ] th ,
cBs  Tharpiasge trangfes oais aceaiding toclaimog of g, wigrein the first
char ge > hai car di i ’ -
char 92 ha SOR6FE SIS SBE TEEE ARG RS T bt YRESE DT ino ciook
have t bignahmeirtérshanged with the second phase of the clock signal and

vice versa.

16. The charge transfer unit according to claim 1, wherein the CMOS

transistors are PMOS transistors.

17. The charge transfer unit according to claim 1, wherein the CMOS
transistors are NMOS transistors.

18. The charge transfer chain according to claim 13, wherein the non-
overlapping portions of two voltage signals have the same time
duration.

19. The charge transfer chain according to claim 15, wherein the non-

overlapping portions of two voltage signals have the same time

duration.
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duration. 19. The charge transfer chain according to
claim 15, wherein the non- 30 overl appi ng portions of
two vol tage signals have the sane time duration. 24
20. The charge transfer unit according to claim1,

(et T Folelily g bR ashFERE AL (AEYER the width of the

transigd@dnd 8P third CMOS transistor is at least 5% of the first CMOS

transistor.
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